Introduction {#Sec1}
============

Colorectal cancer is the second leading cause of cancer deaths in Japan, as well as in Western countries, accounting for 34 and 26 % of cancer in males and females, respectively \[[@CR1]\]. Since the first reported laparoscopy-assisted colectomy (LAC) in 1991 \[[@CR2]\], major advances have been achieved, particularly since the development of newer techniques and improved instruments, and the standardization of procedures. In 1992, LAC was first performed for early colorectal cancers in Japan \[[@CR3]\], and many reports about laparoscopic surgery for advanced colorectal cancers have been published since \[[@CR4]--[@CR9]\].

Of the colorectal liver metastasis patients who undergo liver resection, 75 % will develop recurrence, and the main site of recurrence is the liver \[[@CR1], [@CR10], [@CR11]\]. In addition, 65--85 % of all recurrences appear within the first 2 years because occult liver metastases are present at the time of liver resection \[[@CR1], [@CR10], [@CR11]\]. Although contrast-enhanced computed tomography (CE-CT), magnetic resonance imaging (MRI) and positron emission tomography have been used to stage colorectal liver metastases, small or occult metastases are often not visualized. Conventional palpation of the liver and adequate observation of the abdominal cavity are also not achievable during laparoscopic surgery, and so cannot be used to determine if stage migration has occurred \[[@CR12]\].

Intraoperative ultrasonography (IOUS) often reveals important information not detected on preoperative imaging, and these new findings can alter the surgical plan in up to 50 % of patients \[[@CR13], [@CR14]\]. Recently, several studies reported that contrast-enhanced IOUS (CE-IOUS) is more sensitive than conventional IOUS for identifying new lesions. It may thus influence surgical management \[[@CR1], [@CR11], [@CR15]\]. We hypothesized that the new, second-generation ultrasound microbubble agent, Sonazoid^®^ (Daiichi Sankyo, Pharmaceutical, Tokyo, Japan), may improve the detection of occult liver metastases \[[@CR16], [@CR17]\]. The aim of the present study was to assess the clinical value of Sonazoid-intraoperative laparoscopic ultrasonography (S-IOLUS) in patients with primary colorectal cancer. These results were historically compared with the data for conventional IOLUS.

Methods {#Sec2}
=======

A prospective database of patients treated within a single institution was studied retrospectively. From May 2005 to August 2008, 454 patients underwent colorectal resections for colorectal cancer at Iwate Medical University Hospital. The resections included 339 LACs (75 %) and 115 open colectomies (OCs) (25 %). Of the 454 patients, 148 consecutive patients with clinical stage II or III colorectal cancer, as determined by preoperative imaging, who were undergoing LACs were prospectively enrolled (Fig. [1](#Fig1){ref-type="fig"}). From May 2005 to December 2006, 77 of the 148 patients were examined without Sonazoid. Seventy-one of the 148 patients were examined with S-IOLUS after its approval in 2007 by Japan's health authorities. The present study was approved by the Iwate Medical University Institutional Review Board.Fig. 1A flowchart of the lesion detection. *LAC* laparoscopy-assisted colectomy, *OC* open colectomy, *IOLUS* intraoperative laparoscopic ultrasonography, *S*-*IOLUS* Sonazoid-intraoperative laparoscopic ultrasonography

The clinical features are presented in Table [1](#Tab1){ref-type="table"}. Of the 71 patients examined using S-IOLUS, 41 were male and 30 were female, and their median age was 72.5 years (range 46--83 years). The locations of the cancers included the colon (46) and the rectum (25). In this group, 60 patients (85 %) had T3 tumors and 28 patients (39 %) had lymph node metastasis. As a control group, the 77 patients who underwent LACs under conventional IOLUS between 2005 and April 2007 were used for comparison. The locations of their cancers included the colon (48) and the rectum (29). Of the 77 patients examined using IOLUS, 40 were male and 37 were female, and their median age was 70 years (range 45--88 years). In the control group, 57 patients (74 %) had T3 tumors and 38 patients (49 %) had lymph node metastasis.Table 1Patient characteristicsS-IOLUS (*n* = 71)IOLUS (*n* = 77)*P* valueAge (years)68 (46--83)69 (45--88)0.61Sex, male/female41/3040/370.48Tumor location Colon4648 Rectum25290.76Extent of the primary tumor T21120 T360570.12Lymph node metastasis Negative4339 Positive28380.23TNM stage I89 II3530 III28380.42The pathological staging was divided into subcategories according to American Joint Committee on CancerData are expressed as medians (ranges)*S*-*IOLUS* Sonazoid-intraoperative laparoscopic ultrasonography, *IOLUS* intraoperative laparoscopic ultrasonography

All patients underwent CE-CT and/or MRI staging in a standardized manner within 4 weeks prior to surgery. CE-CT examinations were performed using a 16-detector scanner (Aquilion 16; Toshiba Medical Systems, Japan) with a slice thickness of 5 mm to screen the whole body. MRI was performed using a 1.5 T whole body MRI system (Signa Excite, Ver. 12, GE Medical Systems, Milwaukee, WI, USA). Preoperative images were reviewed by two different radiologists. CT films were available in the operating room during the laparoscopic procedure for an immediate comparative analysis after performing S-IOLUS. At this point, the final diagnosis of the presence or absence of liver metastasis was made by correcting the diagnosis based on the pre- and perioperative images. All patients had followed-up examinations with ultrasonography and CE-CTs for at least 6 months postoperatively.

IOLUS and S-IOLUS examinations {#Sec3}
------------------------------

The IOLUS and S-IOLUS examinations were performed using a Pro Focus UltraView device (BK Medical, Denmark) with a Type 8666 Laparoscopic Transducer. A bolus intravenous injection of Sonazoid \[(0.015 ml/kg body weight (0.12 μL microbubble/kg body weight as perflubutane microbubbles))\] was performed via a peripheral venous line, followed by a 10 mL normal saline flush. Approximately, 10 min after the injection, the liver was scanned to observe a late Kupffer-phase image. The liver metastases were identified as filling defects that were clearer than those observed during the vascular phase. The main advantage of using Sonazoid over other agents is its capacity for obtaining continuous enhanced views in the Kupffer-phase 10--15 min after injection. The late Kupffer-phase image lasted for 30 min. The liver tumors without Kupffer cells were clearly revealed as low contrast perfusion defects compared with the normal liver parenchyma. Using these images, we examined the tumor morphology, surrounding daughter nodules and vascular infiltration. We also scanned for any tumor lesions that could not be identified by preoperative imaging.

Statistical analysis {#Sec4}
--------------------

Continuous data were expressed as the medians (ranges). To compare the examination groups, a Mann--Whitney *U* test (two-tailed) was applied for the continuous data, and the *χ*^2^ test was applied for the categorical data. A value of *P* \< 0.05 was considered to be statistically significant.

Results {#Sec5}
=======

Preoperative CE-CT and/or MRI did not detect liver metastatic lesions in any of the 148 patients. All parenchymal segments were evaluated and all major vascular/biliary structures were identified by IOLUS or S-IOLUS in every patient. New lesions were identified by IOLUS or S-IOLUS in four patients (Table [2](#Tab2){ref-type="table"}). No IOLUS-related complications occurred.Table 2Clinical features of six patients with newly detected liver metastasesPatient no.Diagnostic procedureLocation (size, mm)Treatment (POMs)Laparoscopic procedures or adjuvant therapyTNM staging1S-IOLUSS3 (9)3Left lateral sectionectomyT3N1M12S-IOLUSS8 (7)ConcomitantS8 partial liver resectionT3N0M13IOLUSS4 (11)3Segmentectomy 4T3N1M14IOLUSS6 (7)6mFOLFOX6 for MLMT3N2M15IOLUSNoneNoneNoneT3N0M0P-CTS2 (10)5Left lateral sectionectomy6IOLUSNoneNoneNoneT2N1M0P-CTS4 (6)6S4 partial liver resection + segmentectomy 5S5 (13)*S*-*IOLUS* Sonazoid-intraoperative laparoscopic ultrasonography, *IOLUS* intraoperative laparoscopic ultrasonography, *P*-*CT* postoperative computed tomography, *POMs* postoperative months, *mFOLFOX6* folinic acid/5-fluorouracil/oxaliplatin, *MLM* multiple liver metastases

In the S-IOLUS group, two lesions in different patients (2.8 %) were identified and evaluated. Although IOLUS did not detect any new lesions, a small hypoechoic lesion that was 9 mm in diameter and located in segment 3 was newly detected by S-IOLUS in the Kupffer-phase view of one patient (Fig. [2](#Fig2){ref-type="fig"}). This lesion had increased in size 3 months after LAC, and laparoscopic left lateral sectionectomy was performed. The other patient had a lesion that was 7 mm in diameter and located in segment 8. It was curatively resected by laparoscopic partial liver resection at the time of LAC. Both resected lesions were histopathologically confirmed to be metastatic tumors. None of the 71 patients showed liver metastases within 6 months after LAC (median follow-up 16 months; range 6--23 months).Fig. 2S-IOLUS and IOLUS images of a colon cancer metastasis at segment 3. **a** The metastatic lesion (*arrows*) was shown as a distinct hypoechoic mass during the late Kupffer-phase. **b** The IOLUS view of the same lesion detected as an unclear slightly hypoechoic mass

In the IOLUS group, two lesions in different patients (2.6 %) were identified and evaluated. The first lesion was 11 mm in diameter and was located in segment 4. Laparoscopic segmentectomy (for segment 4) was performed on the patient 3 months after LAC. The lesion was histopathologically confirmed to be a metastatic tumor. The other lesion was 7 mm in diameter and was located in segment 6. The patient developed multiple liver metastases 3 months after LAC and selected chemotherapy with a modified FOLFOX6 regimen (400 mg/m^2^ 5-fluorouracil, 85 mg/m^2^ oxaliplatin and 200 mg/m^2^ leucovorin on the first day of treatment, followed by 2,400 mg/m^2^ of 5-fluorouracil on the first and second days of treatment, repeated every 2 weeks as a first-line treatment). Two (2.6 %) of the 77 patients developed liver metastases within 6 months after LAC (median follow-up 40 months; range 30--54 months). The new metastatic lesions could be detected by CE-CT, and the patients were operated on 6 months after LAC; one patient underwent a laparoscopic left lateral sectionectomy and the other patient underwent laparoscopic segmentectomy (segment 5) + S4 partial liver resection.

There were no significant differences between the two groups in the median length of the operation (S-IOLUS 158.5 min vs. IOLUS 169.0 min).

Discussion {#Sec6}
==========

LAC was first described in 1991 \[[@CR1]\], and the outcomes of LAC from members of the Clinical Outcomes of Surgical Therapy (COST) study group were first presented in 1996 and showed acceptable short-term results for the procedures \[[@CR18], [@CR19]\]. Several studies have suggested that there are better long-term outcomes for LAC compared with OC \[[@CR20]--[@CR22]\]. A recent meta-analysis of 10 prospective randomized controlled trials demonstrated that there were trends toward lower recurrence rates and longer disease-specific survival rates with LAC \[[@CR23]\]. In Japan, LAC had continued to gain widespread clinical acceptance since April 2002, when medical insurers extended the procedure for patients with advanced colorectal cancers. According to the Japanese Society of Endoscopic Surgery, of the patients diagnosed with colorectal cancer in 2009 in Japan, 13,791 patients underwent LACs and 37,529 underwent OCs. From 2008 to 2009, the use of LACs increased from 33 to 37 %.

It is very important for liver metastasis to be accurately identified at primary colorectal surgery to select the best treatment strategy, and knowledge of the presence of liver metastasis can help to obtain an improved prognosis by complete resection. However, conventional palpation of the liver and sufficient observation of abdominal cavity are not achievable during laparoscopic surgery, and so, it is not possible to accurately determine whether stage migration has occurred \[[@CR12]\]. Many studies have been reported that IOUS is an important tool that can be used to accurately stage colorectal liver metastases at the time of resection \[[@CR13], [@CR14]\]. Recently, there has been increasing interest in the use of contrast agents during the IOLUS of the liver to improve the detection of liver metastases. In 2007, a new contrast medium, a microbubble agent, Sonazoid, was approved for use in Japan for the diagnosis of liver tumors, including hepatocellular carcinoma, cholangiocarcinoma and liver metastasis \[[@CR16], [@CR17]\]. To the best of our knowledge, the application of S-IOLUS for colorectal cancers without liver metastases has not been reported.

Sonazoid is thicker than the previously used agents, and remains in the liver parenchyma for a long time after injection. Therefore, the reperfusion technique to determine intratumoral perfusion during the arterial phase or negative perfusion imaging during the Kupffer-phase can be conducted, because the enhanced lesions reflect sinusoidal cell function related to phagocytosis of the contrast agent by macrophages \[[@CR24]\]. Several studies have shown that routine use of contrast-enhanced IOUS detects up to 19--25 % more occult metastatic lesions than preoperative CE-CT and IOUS, and that additional resection was often necessary during liver resections \[[@CR1], [@CR11]\]. A phase III comparative study regarding the effectiveness of using Sonazoid to obtain the differential diagnosis of hepatic lesions reported that the diagnostic accuracy of unenhanced ultrasonography, contrast-enhanced CT and contrast-enhanced ultrasonography was 68.4, 80.5 and 88.9 %, respectively. Among the 191 patients in the detection analysis in that study, the efficacy of contrast-enhanced ultrasonography for the detection of lesions was significantly higher than that of unenhanced ultrasonography and enhanced CT \[[@CR25]\].

In the present study, occult metastatic lesions were detected by S-IOLUS in two of the 71 patients (2.8 %). In the IOLUS group, postoperative liver metastases were observed in two of the 77 patients (2.6 %) within 6 months after the LAC. However, in the S-IOLUS group, no liver metastases were observed within 6 months. Therefore, this new examination may help provide better surgical curability in comparison with conventional IOLUS.

Sonazoid has also been reported to be safe. The incidence of adverse events associated with Sonazoid was shown to be 25 of 397 patients (6 %) in a clinical study performed in Japan \[[@CR11]\]. The main adverse events were diarrhea (1 %) and headache (1 %), but no anaphylactic shock was reported, unlike with CE-CT \[[@CR11]\]. In the present study, no adverse events were observed; thus, this new examination can also be performed safely.

On the other hand, other microbubble contrast agents, such as Imavist^®^ (Alliance, USA) and SonoVue^®^ (Bracco SpA, Milan, Italy), provide parenchyma-specific contrast by inducing a transient mechanical slowdown of microbubbles within the sinusoid, and these two contrast agents are only minimally phagocytosed by Kupffer cells, so they have a short period of visualization \[[@CR1], [@CR15]\]. Leen et al. \[[@CR1]\] reported that CE-IOUS with SonoVue detected additional metastatic liver lesions during liver resections that were not identified with IOUS or CT/MRI in 13 of the 57 patients (23 %), and the smallest of the additional lesions measured 4 mm. However, these two contrast agents cannot provide late Kupffer-phase images. In addition, the parenchyma-specific contrast images of these two microbubble agents can only be seen for 3--5 min after the injection, and repeated injections are needed during CE-IOUS to perform a whole liver examination. For these reasons, Sonazoid seems to be a superior microbubble contrast agent for CE-IOLUS for precise liver examinations in patients vulnerable to occult liver metastases.

MRI is one of the most important tools used to detect liver tumors, but it is difficult and unrealistic to perform in all cases, including those where hepatic lesions are not suspected. Ultrasonography, especially S-IOLUS, has many advantages in terms of liver scanning, i.e. the safety of Sonazoid, particularly in patients with renal dysfunction or who are allergic to iodine. There is also no exposure to radiation during ultrasonography, unlike other imaging methods, and it is non-invasive and has no contraindications. Therefore, it is a useful technique to use as an alternative to intraoperative palpation for real-time observation of the liver. In addition, the surgeon can repeatedly scan the whole liver during surgery. This capability may help reduce the number of missed lesions.

Nevertheless, the effectiveness of scanning the entire liver with ultrasonography depends on the surgeons' experience levels and anatomical difficulties in the patient. If an inexperienced operator performs the liver scan, it is possible that occult metastatic lesions might be missed. In this study, scanning of the liver was performed by two surgeons who were certified by the Japan Society for Endoscopic Surgery and have been surgeons for more than 10 years. Therefore, it was unlikely that they would miss abnormal liver lesions. A clinical study comparing contrast CT, MRI and contrast ultrasound examinations for the diagnosis of HCC found that these imaging techniques had a diagnostic accuracy of 74, 86 and 72 %, respectively. However, no significant differences were observed between the groups in that study \[[@CR26]\]. This suggests that the combination of CT and IOUS or MRI is sufficient to make a clinical diagnosis of liver metastasis.

With the increasing use of LACs for colorectal cancers, the value S-IOLUS should be assessed in a systematic fashion. It has already been shown to be an additional key staging component of the oncologic procedure. This precise staging may permit the earlier diagnosis of liver metastases, better selection of adjuvant therapy for patients and the application of valuable prognostic information.

Conclusions {#Sec7}
===========

S-IOLUS of the liver during primary resection of colorectal cancer is a useful tool for cancer staging and as a diagnostic modality. It can identify lesions that are not detectable by preoperative imaging studies, and may be considered for routine use during laparoscopic oncologic colorectal surgery. In addition to these benefits, S-IOLUS is also relatively safe to use.
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